Obesity has become a major global challenge to health care systems. Exercise is considered an integral part of obesity treatment and weight maintenance. Morbidly obese patients, who cannot lose weight through conventional weight loss methods, may be offered a chance to undergo bariatric surgery. However, despite the numerous health benefits of exercise, most preoperative obese patients are insufficiently active. Therefore, the present article briefly reviews the existing evidence for the health benefits and post-operative impact of pre-bariatric surgery exercise programs. The findings of this review indicate that a pre-surgical intervention exercise program targeting obese patients awaiting bariatric surgery is viable and has the potential to enhance their engagement in physical activity postoperatively. Moreover, higher levels of preoperative physical activity or cardiorespiratory fitness were associated with health benefits, lower post-surgical complications and shorter length of stay in the hospital. Also, there is some evidence pointing to the possibility that higher levels of pre-operative physical activity may increase weight loss outcomes following bariatric surgery. Further, aerobic capacity of the obese patient is expected to significantly improve as a result of weight reduction. Patients' self-perceived limitations to perform exercise expected to decrease after the weight reduction surgery. Finally, it is necessary that health care providers offer adequate support to obese patients not just in initiating physical activity but also in maintaining an active lifestyle throughout the treatment period. Considerations for appropriate selection of activities include personal preference, age, present weight, and current level of fitness, joint health and the presence of any comorbidity.
Physical inactivity is considered a leading risk for non-communicable diseases (NCDs) and overall mortality worldwide [1, 2] . In contrast, physical activity has been shown to incur many health benefits including reductions in cardiovascular risk factors, type 2 diabetes and total mortality, improvement in blood lipids profile, bone density and psychological health and a decrease in incidence of some types of cancers [3, 4] . The recommended amount of exercise for health benefits has been shown to be at least 150 minutes of moderate to vigorous intensity physical activity per week [3, 4] . However, the amount of physical activity needed for weight loss appears to be above 250 minutes per week [5] .
Patients with morbid obesity suffer from decreased functional capacity and are at higher risk of multiple comorbidities and total mortality [6] . After exhausting all attempts of weight loss strategies using exercise, diet and lifestyle behavioral changes, obese patients may have the choice to consider bariatric surgery [7] , as the procedure is believed to be the most effective treatment for morbid obesity in long-term weight loss [7] [8] [9] . Such a weight loss method was shown to induce a dramatic weight loss that sustained for an extended period of time after surgery and accompanied by significant improvements in pre-existing comorbidities [10] . This success has led to a substantial increase in the annual rate of inpatient bariatric surgeries [11] .
Studies have revealed that a pre-treatment program focusing on active lifestyle behaviors can facilitate improved post-surgical outcomes [12] [13] [14] . Indeed, findings from a randomized control trial showed that participating in a preoperative supervised weight management program resulted in a positive effect on postoperative physical activity level [15] . In addition, evidence suggests that increasing preoperative physical activity levels may decrease surgical complications [6] and improve long-term weight loss maintenance [5] . Further, the American Society for Metabolic and Bariatric Surgery (ASMBS) indicated that pre-surgical behavioral intervention supporting weight loss and lifestyle change is considered the standard of care [9] . Despite the increased benefits associated with pre-operative physical activity programs, most pre-operative obese patients are not sufficiently physically active [16] . In fact, results of one interventional study observed that only 30% of obese participants met the recommended guideline of 150 weekly minutes of moderate to vigorous physical activity in adults [17] .
It is indicated that reduced cardiorespiratory fitness levels among obese patients was related to increased short-term complications and length of stay in hospital after bariatric surgery [6] . Cardiorespiratory fitness was evaluated, through measurement of peak oxygen uptake, in a group of patients with morbid obesity (BMI=48.7 kg/m 2 ) prior to laparoscopic Roux-en-Y gastric bypass surgery [6] .The results revealed a significantly (p=0.02) higher complication rate (16.6% versus 2.8%) among patients with low (below 15.8 ml/kg.min) as opposed to high (above 15.8 ml/ kg.min) fitness levels [6] . The length of hospital stay was also much longer among patients with less peak oxygen uptake compared to those with higher cardiorespiratory fitness [6] . It is well acknowledged that increasing physical activity levels leads to improvement in cardiorespiratory fitness and therefore exercise training should be part of any pre-bariatric surgery behavioral change program in order to reduce postoperative complications. Other studies have also found similar results to the previous findings showing that higher post-surgical risks and a longer length of stay in the hospital were associated with low pre-operative Open Access 2 peak oxygen uptake or low anaerobic threshold, as measured by graded cardiopulmonary exercise tests [18, 19] .
A pre-surgical exercise intervention among obese patients awaiting bariatric surgery has the potential to enhance their engagement in physical activity. Findings from Bond et al. [20] revealed that physical activity readiness and physical activity levels (using the International Physical Activity Questionnaire) improved among the gastric bypass patients at the second visit just 1-2 weeks prior to surgery compared to the first one, which was three months prior to operation. Furthermore, higher levels of engagement in preoperative physical activity were shown to associate with improved weight loss outcomes following bariatric surgery [21, 22] . However, a recent randomized clinical trial examined the effect of a supervised weight management program before obesity surgery in 55 patients enrolled in the study. Researchers did not find an important difference in weight loss compared with those who underwent a medically supervised weight management program [15] . The results indicated that participation in the weight management program resulted in a positive influence on postoperative physical activity level, despite no significant postoperative difference in weight loss [15] . A meta-analysis study that included six non-randomized studies, totaling 492 participants, observed an initial weight loss of 21 kg among the physically active participants and 22 kg weight loss among those inactive subjects, however, after 2.7 years, the weight loss reached 15 kg in the physically active group whereas that in the physically inactive group was only 7 kg [23] .
Although the evidence-based recommendations for the amount of exercise that induces weight loss and long term maintenance in adults is believed to be equal to 250 or more minutes per week [5] , there are no standard physical activity recommendations for obese patients awaiting bariatric surgery. The ASMBS recommendations to enhance cardiorespiratory fitness decrease the risk of surgical complications and improve postoperative recovery include light aerobic exercise and resistance training for 20 minutes per day, 3 to 4 days per week preoperatively [24] . The American Heart Association also recommends similar exercise prescription of low-to moderate-intensity physical activity for at least 20 minutes per day for 3 to 4 days per week [25] . However, the joint guidelines from the ASMBS, the Obesity Society, and the American Association of Clinical Endocrinologists recommend that all postoperative patients to follow a healthy lifestyle, including physical activity for at least 30 minutes per day [7] .
Furthermore, unsupervised high intensity exercise may not be safe for obese patients with high cardiovascular risks. However, there has been a growing body of evidence indicating that high intensity interval training appears to be comparable or even superior to moderate intensity continuous exercise in improving cardio-metabolic health outcomes [26] . Such type of exercise training could provide health benefits in a time-efficient manner. However, there is a scarcity of studies that utilized high intensity exercise on obese patients waiting for bariatric surgery. In addition, studies used such mode of exercise have mixed findings. In a study conducted on patients with type 2 diabetes, high intensity interval walking was shown to be feasible and highly effective [27] . The findings showed that visceral fat decreased in the interval walking group but not in the control group or low intensity continuous walking. Also, improvement in the glycemic control was seen in the interval walking group, while it was either worsened in the control group or not changed in the continuous walking group [27] . However, not all studies observed greater effects for high intensity interval training compared with moderate level of physical activity. A recent study involving obese participants revealed that high intensity interval training and moderate-intensity continuous training of similar caloric expenditure exerted similar body composition, metabolic and cardiovascular improvements [28] . Moreover, another study involved previously sedentary overweight or obese young men has also shown that both exercise conditions were related to temporal improvements in body fat percent, total cholesterol, triglycerides, insulin sensitivity and aerobic power with no clear advantage between the two training protocols [29] . In addition, adults with excess body fat may greatly benefit from a program of resistance exercise [5, 30] . Such resistance training can also improve muscular strength and endurance, something that can help obese patients in their daily living activities [5] .
Research findings showed that physical activity appeared to be experienced positively among adults with severe obesity [31] . However, despite experiencing well-being and health benefits after physical activity, obese patients face numerous difficulties related to their capacity and determination to stay active after weight loss surgery. Therefore, support for obese patients is necessary not only just during the initial physical activity program but also to maintain an active lifestyle throughout the treatment period. Consequently, the health care providers should offer patients the necessary help and support to comply with the exercise prescription, by providing them with assistance and guidance in selecting the appropriate type of activity along with the most feasible monitoring technique. Considerations for appropriate selection of activities include personal preference, age, present weight, and current level of fitness, the status of patient's joint health and the presence of any comorbidity. Walking, for example, is a weight-bearing activity and is simple and very practical to adopt in any exercise program. However, the presence of lower joint problems may make waking less attractive for the patient. In this case, patients may choose an alternative activity with less impact on their joints, such as cycling, swimming or elliptical exercise. Irrespective of the type of physical activity, obese patients have higher energy costs of activity compared with lean individuals, and this can be observed even with non-weight bearing exercise, such as during unloaded and loaded cycling [32] . However, after bariatric surgery, aerobic capacity of the obese patient significantly improves as a result of weight reduction and a decrease in self-perceived limitations to perform exercise and an increase in self-perceived physical fitness is apparent after the weight reduction surgery [33] .
It can be concluded from this brief review that exercise training as part of a pre-surgical intervention involving obese patients awaiting bariatric surgery is viable and has the potential to enhance their engagement in physical activity postoperatively. Furthermore, higher levels of preoperative physical activity levels or cardiorespiratory capacity were associated with health benefits, lower post-surgical complications and shorter length of stay in the hospital. There is also some evidence pointing to the possibility that higher levels of pre-operative physical activity may increase weight loss outcomes following bariatric surgery. Also, after bariatric surgery, aerobic capacity of the obese patient is expected to significantly improve as a result of weight reduction. Patients' self-perceived limitations to perform exercise appear to decrease after the weight reduction surgery. In addition, it is necessary that health care providers offer adequate support to the obese patients not just in initiating physical activity but also in maintaining active lifestyle throughout the treatment period. There are many considerations for appropriate selection of activities, including personal preference, age, present weight, and current level of fitness, joint health and the presence of any comorbidity.
